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But when tiny particles of smoke drift Into the
. How Do ' ey chamber, they reduce that eloctrical cirrent flow,
. When enough partlcles have entered the chamber,
~, l’ the electrical current drops below the acceptable
or L | threshold, and the detector clrcult turus on the
alarm horn or buzzer, )
There are two basic Kinds of smoke detectors Smoke particles don't haveto be very large to
jonization and photaelectre, Bach senses smoke reduce the carredt flow in the fonization -
by a differcat principle of aperation, You'll hear detector’s smoke chambar, In fact, they can be
arguments in favor of and against cach type, but invisibly smallf Since hot blazing flres tend 10
the best information curreitly avallable is that produce more smaller smoke particles, and since
cither type can provide adequate bome fire =~ these float further {n the tising hiot alr from the
protection. In fact, theve often appears tobe ~~~ fire, lonization detectors usually have a slight edge
more difference in performance betwoen two. : in giving early wamlog of open, flaming fires.
models of the same type than thers Is batween the
two types. | ’
What about that yadiation in
fonization Smoke Detectors ionkzation smoke detectors?
The lonization principle depénds on the fact that According to the U. S, Nuclear Regulatory
- even a very weak source of mdiation will increase Commissiog, if you held an ionization
the ability of air to conduct electiicity, In these smoke detector close to ydu for cight
detectors, a small and carefully shiclded bit of , hours a day through 4 whole year, you
radloactive material *“‘lonizes™ the air In the would recelve only & tenth as much
detector's smoke chamber. As & result, o very radlation as you'd get on one round trip
weak electrical current flows theough that airline fight across the USA,
- chamber and is sensad by the detector’s circuit. I .
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Photoelectric Smaoke Detectors

The other most frequently purchased type of
home smake detector uses the photoelectric
principls. Tt detects smoka by “secing it* {n much
the same way your eyes do — by means of light
reflected by the particles of smoke,

‘When particles of smoke are carrled into the -
detector by room air circulating thraugh it, they
cach reflect or *‘scatter'* light from a small lamp
in the device. Some of that reflected Night falls on
@ photocell, causing It to produce & slight -
electtical current. As more particles enter-and
scatter more Hght onto the photocell, more
clectriclty §s generated, Finally, when the stoke
pactides are dense enough to reflect 3 pro-set
amount of light, the detector circuit actuates the
alarm,

Because they sense the lght reflected by smoke
particles, phatoclectric smoke detectors detect
larger particles more readily than thoy sense the
invisible pardcles to which lonlzation detectors
respond, It happens that cooler, smoldering firss
praduce more of these targe particles than do hot,
blazing fires, so photoclectric deteotors ure.
somewhat more Iikely to give the slarm while &’
fire §s s611 smoldering,
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But remember that many household fires produce
detectable amounts of bufk visible and invisible
smoke. ither kind of detector has & high
probabllity of giving you enough warning for 2
safe escaps, .

Of course, to really cover all the'possibilitia, you
might want to Install one of cach type of smoke

detector,

Do I need & heat detector too?

Some manufacturérs offer a heat sensing
device as elther & standard or optional
part of their smoke detectors, or as =
separate product, Most of them use o
pleco of speclally-formulated metql which
cither melts or distorts becanse of heat in
the alr around It. Heat detectors built into
smoke detectors usually set off the main
_detector's alarm when 8 certain
tempesature is exceeded, while separate
detector devices sound thelr own alarm or
send an clectrical sigual to a central

Heat detectors do add protection, but
thay must be dose to a fire to set off the
. alanm, They are especially uscful in
environments ¢hat could fool or disable a
sinoke detector, such as & ktchen, where
greaso patticles in the air might cause =
smoke gensor to glve false alarms,
Properdy selocted heat detectors can also
be used i arcas that are too kot or too
oold for smoke detectors to function
properdy, such as furnace rooms, attics,
andumctwdumgq.

But » heat sensor Iy no substitute for &
smoke detector. Remembrer, it Is more
often the smoke that cauces Injury and
death than the heat of & home fire. ‘A
beat detector is capable of totally Ignoting
a smoldeting fire that i putting out fethal

amounts of smoke, carbion monoxids, and
other toxic gases,
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What Kind of Smoke Detector
Do We Need?

Because most homo fires produce a rich mixture
of smoke types, with detestable amounts of both
lacgeparticle and small-particle smoke early in the
fire's growth, éther un lonlmtion or &
iphotodlectric detector will mest most needs.

Rather than delay purchases while you decide
between them, why not buy one and get it
installed at once? Whichever typs you get, it will
pravide more protection than no detector,

...and How Many?

This may be . more fruportant question than
**what kind?" Tetts conducted for the U.S.
Natiotial Burean of Standards have shown that
two detectors, on different levels of & twostory
homomtwioeasnkclytoﬂmidcanadcqumc
amount of time for escape us one deteitor, The
upstairs detector renses smoke whereves it
originates, wiile the downstairs unit will react
soonsr to five which conld block estape routes
through the first floor.

One detector givas more protection than ne
detector; two detectors, if properdy fustalled,

- provide more reliable early warning than one,

Having two detectors also lets you select both an
{onization type and a photoelectrle mode!, giving
you the best capabilities of both. 1t also les you
have one battery-powered and one plugn or
wire-in model, so that nelther a battery fallure
nor a power outage leaves your family
defenseless. Finally, two smoke detoctors axe Far

less likely, statistically, to both be “on the blink”
whcunmdedtbanaloncdw«.
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Shopping for -
Your
Smoke Detector

Once yon've declded on which type and
how meny, you'll discover a wide
selectlon at your hardware, department,
building supply, or discount store, In
choosing, it's & goad idea to look for &
mark or statement on the package or the
unlt teedf that the detector has been
tested and certified by & xecognirzed testing
arganization, If you don't ses such &
muark, of if you don’t recognirs the name
of the testing kaboratary, you can't be
sure that this detector mode meets
minimum performanca standards,

Next, look at the fnstructions, and ask
yourself these questions:

1. Are the lustructions clear mud
coptplete? They should tell you how
to Install i&t, suggest where to put it,
and provide guldagee for testing and
mantegance.,

2, Cun yon do the Instaliation yourself

10 tell you exactly what you'll need
to do? This is a good time to decide
if you should do ths installation
yourself. If you don't feel confident
on a stepledder, for example, you
way want to ask a friend, relative,
or carpenter to do It for you.

3.  What malutenzncs §s required? Do
the instructions tell you how to test
and clean the unlt, and how often?
If the unlt uses batterles or veplace-
able lamps, iy thete » readily visible
‘ar audible signal to tell you when
replacement s necessary? Ask the
clerk if the stors carries whatever
parts thay be needed.

Then, bring home
some protection
for your amﬂy
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Yonization and Photoelectric Smoke Alarms

With this guidance document, the National Association of State Fire Marshals (NASFM)
hopes to convey to State Fire Marshals a summary of current information about the
research on ionization and photoelectric residential smoke alarms. It aims to explain the
different response characteristics of these two types of alarms and offer advice for what
to tell the public about smoke alarm use.' It is important to note that smoke alarms are
only one component of a comprehensive residential fire protection plan.

A comprehensive study on residential smoke alarm technology was recently completed
by the National Institute of Standards and Technology, along with Underwriters
Laboratories, the US Fire Administration, the US Consumer Product Safety Commission,
the US Centers for Disease Control and Prevention, and other sponsors. This work
evaluated current and emerging smoke alarm technology responses to common
residential fire scenarios and nuisance alarm sources (the link to published work on the
NIST website is http://smokealarm.nist.gov/). While additional research continues, the
following information can be verified at this time.

Early detection of fires is crucial to escape time, because the time to untenable conditions
in residences can be as little as 3 minutes for typical flaming fire scenarios. Both
ionization and photoelectric smoke alarm technologies quickly alert occupants in most
fire scenarios. In controlled experiments, ionization alarms react earlier than photoelectric
alarms in fast-flaming fires, such as those involving paper or flammable liquids, while
photoelectric alarms tend to react substantially earlier than ionization alarms in
smoldering fires, such as those ignited by cigarettes in upholstered furniture, bedding
materials, and mattresses.

Experts recommend that a home have both ionization and photoelectric alarms or dual
alarms 1o ensure the fastest response to both flaming and smoldering fires. Ionization
alarms cost about $5 retail, photoelectric alarms cost about $20 and dual alarms cost
about $30.

It is most important to get working smoke alarms in 100% of residences. They should
never be disabled. Smoke alarms must be tested, cleaned and replaced according to
manufacturers’ instructions.

NASFM and its Science Advisory Committee suggest that State Fire Marshals include
the following information when they educate the public about the use of smoke alarms:

¢ Smoke alarms save lives, prevent injuries, and minimize property damage by
detecting and alerting residents to fires early in their development. The risk of dying

"NASFM is grateful to its Science Advisory Committee, Consumer Product Safety Task Force and Public
Education Committee for their contributions to this document.



from fires in homes without smoke alarms is twice as high as in homes that have
working smoke alarms.

There are two main types of smoke alarms, and both detect all types of growing fires.
Tonization alarms, which sell for about $5 for battery-operated models, respond faster
to flaming fires, such as those involving paper or flammable liquids. Photoelectric
alarms, which sell for about $20, respond faster to smoldering fires, such as those
ignited by cigarettes in upholstered furniture, bedding materials, and mattresses. Dual
ionization/photoelectric alarms are also available, and cost about $30.

To ensure that both smoldering and flaming fires are detected as quickly as possible,
the best protection is to have both types of alarms installed, or dual
ionization/photoelectric alarms.

Working smoke alarms should be installed on every level of the home, outside
sleeping areas and inside bedrooms, per manufacturer’s specifications. Locate smoke
alarms away from air vents or registers, and avoid other spaces with high airflow.

All smoke alarms must be kept free of dust and insects. Current manufacturers’
guidance is to test alarms weekly and clean them monthly to make sure they operate
properly. If the unit is battery operated or has battery back-up, the batteries should be
replaced at least once a year. In addition, experts say that the smoke alarm unit itself
should be replaced every 10 years.

Never remove the batteries to disable a smoke alarm, even if you experience
"nuisance" alarms, such as while cooking or showering. Fan the detector with a
newspaper or towel to stop the alarm. Clean the smoke alarm according to the
manufacturer's instructions, and if possible relocate it away from the kitchen or
bathroom. Some smoke alarms have a silencing feature, so nuisance alarms can be
stopped quickly and easily.

Evidence indicates that some children may not awaken from the sound of a smoke
alarm. Parents should hold a fire drill during the night so they can assess their
children’s ability to awaken and respond appropriately. If children, or any other
family members, do not awaken to or hear the smoke alarm, the home escape plan
should be adjusted accordingly to help get all family members out safely. NASFM is
aware of certain types of alarms that project a recording of the parents’ voice or some -
other sound to which children may be more responsive than the traditional alarm.

For elderly people, those who have impaired hearing or those who have other
disabilities that make the alarm difficult to hear, there are smoke alarms that use
strobe lights and vibrators in addition to sound. Exploring alternative approaches such
as these may make sense in those households.

Develop and regularly rehearse an escape plan with all members of your household,
so that when the smoke alarm sounds, everyone will move to a safe location outside
the home. For information on how to develop a home escape plan, see
http://www.nfpa.org/assets/files/PDF/FPWgrid03.pdf.

Approved by NASFM Board, April 2006






rpsa Library File
~ tpsa DOC ID: FO083

HHN!IHMHIIIHIMmllINHIIIIHIUHHHHI -

PB247483

Information Is our businazs.

DETECTOR SENSITIVITY AND SITING
REQUIREMENTS FOR DWELLINGS

¢

IT RESEARCH INST., CHICAGO, ‘ILL.
ENGINEERING MECHANICS DIV

1975 o | ‘

L

/

U.S. DEPARTMENT OF COMMERCE
National Technical Information Service




i

Another unexpected observation during the fires was the
slowness of smoke movement throughout the building. All of 3
the experiments, and @specially the basement fires, showed e
that the smoke moving up stairways tended to move in a "
clearly defined front and at a very slow rate. It was often
the case that, when this defined front reached the detectors,
a number of the detectors responded almost simultaneously.

CONCLUSIONS:

1. A residential smoke detector of either the ionization
or photoelectric types with small lag time would provide '
more than adequate life saving potential under most real
residential fire conditions when properly installed. Evén
in the case of rapidly building flaming ignition fires the
detectors would provide adequate warning before dangerous
conditions were reached in the. primary escape path. .

2. ' Whereas detectors set at nominal 2 percent per
foot obscuration generally provided adequate warning, those
detectors whose sensitivities were near’l percent per foot.
(actual) provided a considerable increase in escape time for
smoldering fires. The effect was much smaller for flaming
fires. ’ - T o ‘

3. Fixed tempergture (135 F) or rate~of-rise heat
detectors in the room of fire origin provided little life “
saving potential. These detectors failed to respond to a i,’>
majority of the fires and when they did respond they were -

_considerably slower than smoke detectors located remote’ from

the fire, ’
4. In the building during forced air heating, there
appears to be very little difference in smoke levels obtained
in the bedroom with the bedroom doors open or closed. Under
central air conditioning, however, greatly reduced smoke
levels were obtained 'in the bedrooms with the doors closed, v

Experiments conducted with fires in closed bedrooms
resulted in lethal conditions in the bedroom before response
of detectors outside the bedroom. Thus, the person in the
room of fire origin would not be saved unless the detectors
were in the bedrcom or the door was open.

5. Response time of detectors on theé second floor for
first floor fires should be considered inadequate. Thus, it
would appear that NFPA/74 should be revised to reguire at
least one detector on each level of a residence.



6. Installation of one smoke detector at each end of
a long central hall would significantly increase the escape
time potential in comparison with one detector at one end of
the hall.

7. It appears that there is no difference in life

 saving potential between ionization and photoelectric detectors

under expected residential fire conditions when taken as a
whole. Although some response difference is noticead depending

. on the type of combustion, (flaming or . smoldering) the

differences are minimal when compared on an escape time and
life saving potential basis. Detectors operating on the

- dual gate principle appear less advantageous than either the

ionization or photoelectric types.

: 8. Smoke conditions produced by the fires indicate
that there should be no sigrificant difference in detection '
times for ceiling mounting or wall mounting within 12 in. of
the ceiling. However, individual detectors with highly
directional properties may function quite differently in
these two positions. '

5.0 RECOMMENDED AREAS FOR FURTHER STUDY:

A number of conclusions which emerge from this series
of experiments seem to hava great significance to development.
of requirements for installation of residential fire detection
systems. Accordingly it is essential that these be verified
in additional experiments. Specifically, the following.
items need further study.

1. The differences between smoke distribution by the
HVAC system under heating and cooling conditions should be
investigated in other buildings and for both single and
double duct systems. Summer conditions should be further
investigated to include fires originating just after the
HVAC system shuts off and where air conditioning is not
used.

2. Further similar experiments should be carried out
in other building geometries to determine if the results of
these experiments are specific to these geometries.

3. Some experiments should be carried out in these

~and other test buildings to determine the effect of open

windows on fire conditions and detector response.

~19~



4. Experiments should be carried out to determine
what affect NFPA/74 protection levels 1, 2 and 3 have on 2
increasing the escape time over those obtained with a level ; E%
four type installation. This data could be well applied in
determinring the cost effectiveness of providing these much
more expensive detection systems.

5. Consideration shcould be given to the development
of one or more standardized fire which could be used as a _
correlation test for various building geometries and ambient
conditions.
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CONCLUSIONS
In general, the results stated in this Report support and
expand on the results obtained in the original work.

1. A residential smoke. detector of either the ionization
or photoelectric type set at the sensitivity levels encountered
during this study would provide adequate life saving potential
under most real residential fire conditions when properly installed.
Once again, even in the case of rapidly building flaming ignition
firés the detectors would provide adequate warning before dangerous
conditions were reached in the primary escape path. ’ ’
2. - Supporting the first year results, the fixed temperature
heat detectors rated for 30 ft spacing (135 F) used in this test
series, in the room of fire origin, provided little life saving
potential. These detectors.failed to respond to a majority of the
fires and when they did respond they were considerably slower than

smoke detectors located remotely from the fire.

3. Response time of detectors on the second floor for first
floor fires should be considered inadequate. Thus, once again it
appears that NFPA No. 74 should be revised to require at least oneé
smoke detactor on each level(of a residence.

In addition to the above, the data- taken at. the Wabash residence
strongly suggests that a detector used in the basement of a residence
should be located on the basement ceiling and not at the top
of thae basement stairway.

4. Installation of one smoke detector at each end of a long
central hall would significantly increase the escape time potential
in comparison with one detector at one end of the hall. Both this
and the previcus study suggest installation of a smoke detector
approximately every 30 ft in a long hallway. ‘

5." As in the first year study, there is no apparent difference
in life saving potential between ionization and photoelectric
detectors under the fire conditions tested during this series.
Although the photoelectric detectors in general respond better to
a smoldering fire, and ionization type detectors in general respond
better to a flaming fire, the time difference between these detectors
are minimal when compa-ed on an escapa time and Life saving ‘
potential basis. : .




6. The level of technology represented by the semiconductor
gas sensors employed during this test series. did not provide
adequate life saving potential and reliable operation. as
compared to the conventional type detectors used.. The
sensors used were erratic in behavior and very sengsitive to .
transients and contaminacion of the semiconductor crystal. .

=
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_ 7. ‘In the Whitehouse residence, having certain windows
open while performing fires under' summer conditioens, did not
. adversely affect detector response time and nscape potential.

2

8. The simulated polyurethane mock-ups did not produce
a fire equivalent to those where actual furniture with e
polyurethane was used. The buildup of smoke ahd products of = . -
combustion was faster than in the actual furnishings fires. -
Evidently, the simple mock-ups used in this test series were
not sufficient, and closer matching “to:the real item construction:
® -is required before fires of this configuration can be used.
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Upon review of the results obtained for the regearch ,
performed under this study, it is evident that basing Standards
for fire detection location and sensitivity, on laboratory
data and engineering judgement is rot sufficient to assure ' -
positive life saving potential. Accordingly, it is essential
that these Standards be vewified in additional actual field.
testing. After reviewing this year's results, the following
items are proposed for further study. ' -

P reme

-y

1. Experiments should be performed in a split level
residence to determine the protection level requirements for
this type of building. Every level protection is not clearly
defined for this building layout. :

2. Detector response to fires originating in structural

components due to electrical overload or improperly spaced

- flues, etc. should be examined. The Wabash Avenue site
could serve this purpose since the site is to be demolished
~in the near future and these tests might cause significant
structural damage. More specifically, experiments could be
set up for exposed studding in a furnace room being overheated
from a radiant source or overloading segments of wiring in
Stud spaces. The effect of fires exterior to wood joist
construction could be studied by preparing exterior wall
sections to inset in the overhead door spaces on either end
of the "family room".

17~
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3. Since the HVAC system at the J. R. whitehouse residence
was marginal in capacity and did not adequately mix the cool air
into each room, detector response to fires in a building having
a high volume air conditioning system should be studied. For this
testing a new site would have to be searched for, but if necessary
the Whitehouse residence could be modified for this purpose.

4. Detector performance in.commercial, industrial, and public
buildings should be studied in regard to public and property . ’
protection. : . G : ‘

5. " Research should be performed to study the relationship
between distance, volume, and required detector sensitivity in a
large volume residence to determine if a more accurate method of
siting detectors could be established.

6. Although touched upon in this year's study, further
experimentation with monitoring the respiration rate.of mice at
different locations in a residence may prove to be ‘a.valuable
tool to more accurately define escape criteria for humans.

7. .Further. study is needed of detectors exposed to synthesized
fires in real residences. .Alfthough this was. touched upon at the
Wabash Avenue site for this test series, a more extensive study
may aid development of a more accurate, meaningful bench test. The
present bench'test smoke generation methods could be duplicated as
well as an examination carried cut on. other simple. fire and/or
smoke sources at full scale. Comparisons.could then be made
betwee:n these results and those with actual furnishings.

-18~
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9 Conclusions

1. The data developed in this study include measurement of temperature and smoke
obscuration in addition to gas concentrations for a range of fire scenarios and residences.
Measurement of the response of smoke alarms, CO alarms, heat alarms, and tell-tale
sprinklers are also included. These data could be of significant value in developing
aappropriate algorithims for alarms that may include one or more sensor types.’

2. Smoke alarms of either the ionization type or the photoelectric type consistently provided
time for occupants to escape from most residential fires.

a In many cases, available escape time would be sufficient only if households
follow the advice of fire safety educators, including sleeping with doors closed
while using interconnected smoke alarms to provide audible alarm in each
bedroom, and pre-planning and practicing escape so as to reduce pre-movement
and movement times.

b. Smoke alarms may not provide protection for people directly exposed to the
initial fire development (so-called "intimate with ignition™).

C. Consistent with prior findings, ionization type alarms provided somewhat better
response to flaming fires than photoelectric alarms, and photoelectric alarms
provided (often) considerably faster response to smoldering fires than ionization
type alarms.

d. Smoke alarms of either type installed on every level generally provided positive
escape times for different fire types and locations. Adding smoke alarms in
bedrooms increased the escape time provided by as much as 900 s, especially for
smoldering fires. It is important to note that the available safe egress times may
overlap with the range of estimates of necessary egress time for the residences
studied. Some of this is due to conservative tenability criteria based on
incapacitation of the most vulnerable occupants that was used for the current
study. Use of tenability criteria based on incapacitation or death of healthy
individuals would certainly increase the available safe egress time.

e. Escape times in this study were systematically shorter than those found in a

similar study conducted in the 1970's. This is related to some combination of
different criteria for time to untenable conditions, improved understanding of the
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speed and range of threats to tenability, and faster fire development times for
today's products that provide the main fuel sources for fires, such as upholstered
furniture and mattresses. It is important to note that while both the 1975 study
and the current study attempted to use a representative sample of available and
important furnishings, each study included only a small fraction of those available
in the marketplace. Still, this study is consistent with other recent studies of
furniture and mattresses even though there may be significant differences in the
burning behavior between items of furniture. B ‘

f. A mechanically aspirated (system-type) photoelectric smoke detector included in
the study consistently responded after the other photoelectric smoke alarms, even
for smoldering fires where convective flow rates are low and smoke entry might
be an issue. Since only one such alarm was included in the study, more general
conclusions cannot be drawn.

g. Residential sprinklers activated well after the smoke alarms and after the heat
alarms in all of the scenarios. While these sprinklers have an outstanding record
of saving lives and property, the later activation time implies that residential ‘
sprinkler installations should always inclide smoke alarms (as currently required
in NFPA 13D and 13R) to provide greater escape times for those capable of
escaping. .

Experiments conducted with common nuisance sources produced data that should be
useful in the development of new performance requirements for conditions that should
not activate smoke alarms. Since the data includes analog signal levels and duration for
each of the sensor types they should be useful in cvaluating a range of approaches to '
nuisance alarm reduction from reducing alarm threshold for a specified time (“hush”
feature) to decision algorithms and multi-sensor arrays.
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